All hierarchical levels are involved in conformational transitions of the 4 x 6-meric tarantula hemocyanin upon oxygenation.
The respiratory protein of the tarantula Eurypelma californicum is a 4 x 6-meric hemocyanin that binds oxygen with high cooperativity. This requires the existence of different conformations which have been confirmed by small angle X-ray scattering (SAXS). Here we present reconstructed 3D-models of the oxy- and deoxy-forms of tarantula hemocyanins, as obtained by fitting small angle X-rays scattering curves on the basis of known X-ray structures and electron microscopy of related hemocyanins. For the first time, the involvement of movements at all levels of the quaternary structure was confirmed for an arthropod hemocyanin upon oxygenation. The two identical 2 x 6-meric half-molecules of the native 4 x 6-mer were shifted in the oxy-state along each other compared with the deoxy-state by about 14 A. In addition, the angle between the two 2 x 6-meric half-molecules increased by 13 degrees. Within these 2 x 6-mers the two hexamers were rotated against each other by about 26 degrees with respect to the deoxy-state. In addition, the distance between the two trimers of each hexamer increased upon oxygenation by about 2.5 A. These strongly coupled movements are based on the particular hierarchical structure of the 4 x 6-mer. It also shows a concept of allosteric interaction in hierarchically assembled proteins to guarantee the involvement of all subunits of a native oligomer to establish very high Hill coefficients.